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3/  riananzauon  or  metal  turns  tor  multilevel  interconnects. 
5j)  In  the  fabrication  of  multilevel  integrated  circuits,  each 
letal  layer  (54.  64)  is  planarized  by  heating  to  momentarily left  the  layer.  The  layer  is  melted  by  sweeping  laser  pulses  of 
uitable  width,  typically  about  1  microsecond  duration,  over  k ie  layer  in  small  increments.  The  planarization  of  each  metal  P 
Iyer  eliminates  irregular  and  discontinuous  conditions  be-  I 
wen  successive  layers.  The  planarization  method  is  part- wlarly  applicable  to  circuits  having  ground  or  power  planes J4)  and  allows  for  multilevel  interconnects.  Dielectric  layers 
50,  60)  can  also  be  planarized  to  produce  a  fully  planar  multi- 
wel  interconnect  structure.  The  method  is  useful  for  the  fab- 
cation  of  VLSI  circuits,  particularly  for  wafer-scale  integra- 
on. 
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PLANARIZATION  OF  METAL  FILMS  FOR 

MULTILEVEL  INTERCONNECTS 

BACKGROUND  OF  THE  INVENTION 

The  I n v e n t i o n   r e l a t e s   g e n e r a l l y   to   i n t e g r a t e d  

c i r c u i t   and  o t h e r   e l e c t r i c a l   I n t e r c o n n e c t i o n   n e t w o r k  

5  f a b r i c a t i o n   and  more   p a r t i c u l a r l y   to   t h e   p l a n a r i z a t i o n  

of  l a y e r s   to   p r o d u c e   a  s u f f i c i e n t l y   f l a t   t o p o g r a p h y   i n  

f a b r i c a t i n g   a  m u l t i l e v e l   s t r u c t u r e .  

The  U n i t e d   S t a t e s   G o v e r n m e n t   has   r i g h t s   in  t h i s  

i n v e n t i o n   p u r s u a n t   to   C o n t r a c t   No.  M - 7 4 0 5 - E N G - 4 8   b e t w e e n  

10  t h e   U.S .   D e p a r t m e n t   of  E n e r g y   and  t h e   U n i v e r s i t y   o f  

C a l i f o r n i a ,   f o r   t h e   o p e r a t i o n   of  L a w r e n c e   L i v e r m o r e  

n a t i o n a l   L a b o r a t o r y .  
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M u l t i l e v e l   I n t e r c o n n e c t   s c h e m e s   f o r   i n t e g r a t e d  

; 1 r c u i t s   g e n e r a l l y   r e q u i r e   one   or  u o r e   p l a n a r i z a t i o n  

; t e p s ,   1n  o r d e r   to   m a i n t a i n   an  a c c e p t a b l y   f l a t  

o p o g r a p h y   f o r   l i t h o g r a p h y   and  t h i n - f i l m   s t e p   c o v e r a g e  

>n  t n e   h i g h e r   l e v e l s .   T r a d i t i o n a l   a p p r o a c h e s   h a v e  

i n v o l v e d   p l a n a r i z a t i o n   of  t h e   i n t e r l e v e l   i n s u l a t i o n  

( d i e l e c t r i c )   l a y e r s ,   e i t h e r   by  s p i n - o n   a p p l i c a t i o n   ( e . g ,  

j o l y i m i d e ) ,   or  by  r e f l o w   ( e . g . ,   p h o s p h o s i   1  i c a t e   g l a s s ) .  

The  f a b r i c a t i o n   of  m u l t i l e v e l   VLSI  c i r c u i t s  

D f t e n   r e q u i r e s   t h e   use   of  t h i n - f i l m   p l a n a r i z a t i o n  

p r o c e d u r e s .   The  n e e d   is   p a r t i c u l a r l y   a c u t e   to   a c h i e v e  

w a f e r - s c a l e   i n t e g r a t i o n ;   an  e f f i c i e n t ,   h i g h - p o w e r  

w a f e r - s c a l e   i n t e g r a t e d   s y s t e m   m i g h t   r e q u i r e   f o u r   l e v e l s  

of  I n t e r c o n n e c t   p l u s   two  or  more   g r o u n d   or  p o w e r  

p l a n e s .   The  m o s t   s e v e r e   t o p o g r a p h i c   p r o b l e m s   o c c u r  

a r o u n d   s t a c k e d   v i a s ,   w h e r e   a  c o n n e c t i o n   e x t e n d s   f r o m   t h e  

b o t t o m   i n t e r c o n n e c t   l e v e l   to  t h e   t o p   l e v e l .  

P l a n a r i z a t i o n   t e c h n i q u e s   have   c o n v e n t i o n a l l y  

i n v o l v e d   s m o o t h i n g   t n e   d i e l e c t r i c   b e t w e e n   t h e   m e t a l  

l a y e r s .   S p i n n i n g   on  p o l y i m l d e   as  t h e   d i e l e c t r i c   i s  

o f t e n   u s e d   to  a c h i e v e   p l a n a r i t y .   O t h e r   d i e l e c t r i c  

p l a n a r i z a t i o n   t e c h n i q u e s   use  b i a s   s p u t t e r   e t c h i n g ,   a n d  

s t i l l   o t h e r s   use   p h o t o r e s i s t   to  p l a n a r i z e   and  t h e n  

p l a s m a   b a c k - e t c h   to  t h e   u n d e r l y i n g   S i 0 2 »  

P h o s p h o s i !   i c a t e   g l a s s   f l o w   can   be  a c h i e v e d   by  f u r n a c e  



3 2 0 8 4 6 3  

h e a t i n g .   Yet  a n o t h e r   p l a n a r i z a t i o n   t e c h n i q u e   u s e s   a 

s c a n n i n g   cw  l a s e r   to   r a p i d l y   f l o w   p h o s p h o s i   1  I c a t e  

g l a s s .   None  of  t h e s e   t e c h n i q u e s   w i l l   p l a n a r i z e   a  

s t a c k e d   ( n e s t e d )   v i a ,   b e c a u s e   t h e   d i e l e c t r i c   mus t   b e  

5  r e m o v e d   f r o m   t h e   c o n t a c t   a r e a   b e t w e e n   e a c h   l e v e l ,  

r e s u l t i n g   in  a  l a r g e   t h i c k n e s s   d e f i c i e n c y   at   t h e   v i a .  

A  h i g h   p e r f o r m a n c e   VLSI  w a f e r   s c a l e   m u l t i l e v e l  

i n t e r c o n n e c t   s y s t e m   is  d e s i r a b l e .   T h i s   s y s t e m   s h o u l d   b e  

c o m p a t i b l e   w i t h   b i - p o l a r   l o g i c   t e c h n o l o g y ,   i . e . ,   p r o v i d e  

10  h i g h   c u r r e n t   d r i v e   c a p a b i l i t y   and  h i g h   p o w e r .   I t   w i l l  

o f t e n   be  n e c e s s a r y   to   p r o v i d e   p o w e r ,   g r o u n d ,   c l o c k   a n d  

r e f e r e n c e   v o l t a g e   p l a n e s ,   e s p e c i a l l y   f o r   ECL  t e c h n o l o g y ,  

to   p r o v i d e   low  o h m i c   d r o p s   and  r e d u c e d   c r o s s   t a l k .   G o l d  

m e t a l l i z a t i o n   i s   p r e f e r r e d   f o r   low  e l e c t r i c a l  

15  r e s i s t a n c e ;   h o w e v e r ,   s i l v e r   and  a l u m i n u m   may  a l s o   b e  

d e s i r a b l e .   A  S i 0 2   d i e l e c t r i c   is  p r e f e r r e d   f o r   t h e  

r e l i a b i l i t y   and  t h e r m a l   t o l e r a n c e ;   g l a s s   or  o t h e r  

d i e l e c t r i c s   a r e   a l s o   u s e f u l .   The  s y s t e m   m u s t   p r o v i d e  

m u l t i p l e   l e v e l s ,   e . g . ,   f i v e   or  m o r e ,   w i t h   some  v i a s  

20  e x t e n d i n g   f rom  t op   to  b o t t o m .  

A c c o r d i n g l y   i t   is  an  o b j e c t   of  t h e   i n v e n t i o n   t o  

p r o v i d e   a  m e t h o d   f o r   p r o d u c i n g   an  e l e c t r i c a l  

i n t e r c o n n e c t i o n   n e t w o r k .  

It  Is  an  a l s o   an  o b j e c t   of  t h e   i n v e n t i o n   t o  

25  p l a n a r i z e   t he   l e v e l s   1n  a  m u l t i l e v e l   VLSI  c i r c u i t .  
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I t   1s  a  f u r t h e r   o b j e c t   of  t he   i n v e n t i o n   t o  

p r o d u c e   p l a n a r i z e o   m u l t i l e v e l   e l e c t r i c a l   i n t e r c o n n e c t i o n  

n e t w o r k   s t r u c t u r e s .  

I t   is  a n o t h e r   o b j e c t   of  t h e   i n v e n t i o n   t o  

5  p r o d u c e   m u l t i l e v e l   VLSI  c i r c u i t   s t r u c t u r e s   h a v i n g   p o w e r ,  

g r o u n d   a n d / o r   r e f e r e n c e   v o l t a g e   p l a n e s .  

I t   is   y e t   a n o t h e r   o b j e c t   of  t h e   i n v e n t i o n   t o  

p r o v i d e   a  m e t h o d   of  p r o d u c i n g   m u l t i p l e   l e v e l s ,   as  m a n y  

as  f i v e   or  m o r e ,   w i t h   v i a s   e x t e n d i n g   b e t w e e n   v a r i o u s  

10  l e v e l s ,   i n c l u d i n g   f r o m   t o p   to  b o t t o m .  

SUMMARY  OF  THE  INVENTION 

The  i n v e n t i o n   is   a  p l a n a r i z a t i o n   m e t h o d   f o r   t h e  

f a b r i c a t i o n   of  m u l t i l e v e l   i n t e g r a t e d   c i r c u i t s   or  o t h e r  

e l e c t r i c a l   i n t e r c o n n e c t i o n   n e t w o r k s ,   and  t h e   r e s u l t i n g  

p l a n a r   s t r u c t u r e s ,   in  w h i c h   e a c h   m e t a l   l e v e l   i s  

15  p l a n a r i z e d   by  m e l t i n g   t h e   m e t a l   u s i n g   a  p u l s e d   l a s e r  

p r i o r   to   p a t t e r n i n g .   S h o r t   p u l s e s ,   e . g . ,   a b o u t   1 

m i c r o s e c o n d ,   a r e   u s e d   to   p r e c l u d e   u n d e s i r a b l e  

m e t a l l u r g i c a l   r e a c t i o n s   b e t w e e n   t h e   m e t a l   f i l m ,   a n y  

a d h e s i o n   or  b a r r i e r   l a y e r ,   and  d i e l e c t r i c   l a y e r .   L a s e r  

20  p l a n a r i z a t i o n   of  m e t a l s   is  p a r t i c u l a r l y   w e l l   s u i t e d   t o  

m u l t i l e v e l   s y s t e m s   w h i c h   i n c l u d e   g r o u n d   or  p o w e r   p l a n e s .  

In  p a r t i c u l a r   g o l d   f i l m s   a re   p l a n a r i z e d   o n  

S i 0 2   d i e l e c t r i c   l a y e r s   ( w i t h   an  a d h e s i o n   l a y e r )   u s i n g  
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a  p u l s e d   l a s e r ,   e . g . ,   a  f  l a s h l a m p - p u m p e d   dye  l a s e r .   F o r  

a  1  m i c r o n   l a y e r ,   t h e   p u l s e   d u r a t i o n   is  t y p i c a l l y   a b o u t  

1  m i c r o s e c o n d   w h i c h   a l l o w s   t h e   h e a t   p u l s e   t o   u n i f o r m l y  

p e n e t r a t e   t h e   g o l d   w h i l e   no t   p e n e t r a t i n g   s u b s t a n t i a l l y  

t h r o u g n   t h e   u n d e r l y i n g   S i 0 2   h e n c e   not   p e r t u r b i n g   t h e  

l o w e r   l e v e l s   of  m e t a l .   E x c e l l e n t   p l a n a r i z a t i o n   of  t h e  

g o l d   f i l m s   is  a c h i e v e d ,   l e s s   t h a n   0.1  m i c r o n   s u r f a c e  

r o u g h n e s s   ( e v e n   s t a r t i n g   w i t h   e x t r e m e   t o p o g r a p h i c  

v a r i a t i o n s ) ,   as  w e l l   as  i m p r o v e d   c o n d u c t i v i t y .  

A l u m i n u m   m e t a l l i z a t i o n   Is  p l a n a r i z e d   u s i n g   a 

t h i n   s i l i c o n   o v e r c o a t i n g   to  p a s s l v a t e   t h e   a l u m i n u m   a n d  

i n c r e a s e   I t s   I n i t i a l   o p t i c a l   a b s o r p t i o n .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

In  t he   a c c o m p a n y i n g   d r a w i n g s :  

F i g u r e   1A,  B,  C  shows   a  m u l t i l e v e l   s t r u c t u r e  

w i t h   n e s t e d   v i a s   w i t h   no  p l a n a r i z a t i o n   ( p r i o r   a r t ) ,   w i t h  

d i e l e c t r i c   p l a n a r i z a t i o n   o n l y   ( p r i o r   a r t ) ,   and  w i t h   b o t h  

d i e l e c t r i c   and  m e t a l   p l a n a r i z a t i o n ,   r e s p e c t i v e l y .  

F i g u r e   2  1s  a  b l o c k   d i a g r a m   of  a p p a r a t u s   f o r  

p l a n a r i z i n g   m e t a l   l a y e r s   In  a  m u l t i l e v e l   s t r u c t u r e .  

F i g u r e   3A  and  B  shows  a  m u l t i l e v e l   s t r u c u t u r e  

In  t h e   f o r m   of  m l c r o s t r i p s   c o v e r e d   by  a  g r o u n d   p l a n e  

b e f o r e   and  a f t e r   p l a n a r i z a t i o n   of  t he   m e t a l   l a y e r ,  

r e s p e c t i   v e l y .  



F i g u r e   4A  and  b  s h o w s   a  s u r f a c e   p r o f i l e   of  a 

m i c r o n   a l u m i n u m   l a y e r   on  a  c o m m e r c i a l   C-HOS  g a t e   a r r a y  

e f o r e   and  a f t e r   p l a n a r i z a t i o n ,   r e s p e c t i v e l y .  

DETAILED  D E 5 C R 1 P H U N   Uf  i n t   r m r m u m   u n o u L . .  

The  i n v e n t i o n   1s  a  m e t h o d   f o r   a c h i e v i n g  

p l a n a r i t y   in  m u l t i l e v e l   s y s t e m s   by  t h e   p l a n a r i z a t i o n   o f  

t h e   m e t a l   l a y e r s ,   and  t h e   r e s u l t i n g   p l a n a r   s t r u c t u r e s .  

The  m e t a l   and  d i e l e c t r i c   l a y e r s   a r e   t y p i c a l l y   o f  

t h i c k n e s s   on  t h e   o r d e r   of  1  m i c r o n .   P l a n a r i z i n g   m e t a l s  

by  m o m e n t a r i l y   m e l t i n g   t h e m   is   f e a s i b l e   b e c a u s e   of  t h e  

v e r y   h i g h   s u r f a c e   t e n s i o n   ( a b o u t   50  t i m e s   t h a t   of  m o s t  

n o n m e t a l l i c   l i q u i d s )   and  r e l a t i v e l y   low  v i s c o s i t y  

( s i m i l a r   to  w a t e r )   of  c l e a n   m o l t e n   m e t a l s ;   t h e   s u r f a c e  

t e n s i o n   is  t h e   p l a n a r i z i n g   f o r c e   w h i l e   t h e   v i s c o s i t y   i s  

t h e   d a m p i n g   f o r c e .   R a p i d   p l a n a r i z a t i o n   can   t h u s   b e  

a c h i e v e d .   C a l c u l a t i n g   t h e   t i m e - d e p e n d e n t   r e l a x a t i o n   o f  

l o w - a m p l i t u d e ,   l o n g - w a v e l e n g t h   t o p o g r a p h i c   v a r i a t i o n s   i n  

a  m o l t e n   m e t a l   s u r f a c e ,   n e g l e c t i n g   i n e r t i a l   e f f e c t s   ( t h e  

R e y n o l d s   n u m b e r   is  low  u n d e r   t h e s e   c o n d i t i o n s ) ,   t h e  

a m p l i t u d e   of  a  F o u r i e r   c o m p o n e n t   of  s p a t i a l   p e r i o d   L 

w i l l   d e c a y   e x p o n e n t i a l l y   w i t h   a  t i m e   c o n s t a n t   o f  

t  *  3 u L 4 / 1 6 * 4 Y h 3   w h e r e   u,  yt  and  h  a re   t he   d y n a m i c  

v i s c o s i t y ,   s u r f a c e   t e n s i o n ,   and  t h i c k n e s s   of  t h e   m o l t e n  

m e t a l .   For  g o l d ,   Y  '  1130  e r g s / c m 2 ;   e x p e r i m e n t a l   d a t a  
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on  I t s   v i s c o s i t y   Is  u n a v a i l a b l e   so  t h e   v a l u e   f o r   s i l v e r ,  

i . e .   w  *  0 . 0 3   p o i s e .   Is  u s e d .   Thus  in  o n l y   1 

m i c r o s e c o n d ,   f o r   a  1  m i c r o n   t h i c k   l a y e r ,   a l l   F o u r i e r  

c o m p o n e n t s   of  t h e   s u r f a c e   t o p o g r a p h y   In  m o l t e n   g o l d   w i t h  

5  p e r i o d s   s h o r t e r   t h a n   a p p r o x i m a t e l y   21  m i c r o n s   w i l l   b e  

v i r t u a l l y   e l i m i n a t e d .   S i n c e   m o s t   VLSI  s t r u c t u r e s   o f  

I n t e r e s t   a r e   much  s m a l l e r ,   t h i s   would   be  q u i t e  

s u f f i c i e n t   p l a n a r i z a t i o n .   A  d u r a t i o n   of  t h e   m e l t   m u c h  

l o n g e r   t h a n   1  m i c r o s e c o n d   may  I n d u c e   u n a c c e p t a b l e  

10  m e t a l l u r g i c a l   r e a c t i o n s   In  t h e   t h i n   f i l m s .   For   e x a m p l e ,  

m o l t e n   a l u m i n u m   w i l l   r e d u c e   an  S102  d i e l e c t r i c   t o   f o r m  

s i l i c o n   in  a  few  s e c o n d s .   As  a n o t h e r   e x a m p l e ,   i t   1 s  

e s t i m a t e d ,   b a s e d   on  t y p i c a l   d l f   f  u s i v l t l e s   In  m o l t e n  

m e t a l s ,   t h a t   1  m i c r o n   m o l t e n   g o l d   w i l l   c o m p l e t e l y   a l l o y  

15  w i t h   a  t i t a n i u m   a d h e s i o n   l a y e r   In  a b o u t   1  m s .  

T h u s ,   a c c o r d i n g   to   t h e   I n v e n t i o n ,   a  v e r y   f a s t  

( m i c r o s e c o n d )   h e a t   p u l s e   Is  o p t i m a l   f o r   p l a n a r i z i n g  

m e t a l s .   In  g e n e r a l ,   t h e   h e a t   p u l s e   s h o u l d   be  l e s s   t h a n  

1  ms,  and  more   p r e f e r a b l y   in  t h e   10  n s -1   m i c r o s e c o n d  

20  r a n g e .   I n i t i a l   e x p e r i m e n t a l   t e s t s   u t i l i z e d   a  h i g h - p o w e r  

s c a n n i n g   e l e c t r o n   beam  to   m e l t   an  a l u m i n u m   l i n e   s i t t i n g  

in  a  s i l i c a   t r e n c h .   E x c e l l e n t   s i l i c a   w e t t i n g   a n d  

p a r t i a l   a l u m i n u m   p l a n a r i z a t i o n   was  c l e a r l y   o b s e r v e d .  

H o w e v e r ,   r a s t e r i n g   a  f i n e   e l e c t r o n   beam  d o e s   n o t   p r o d u c e  

25  a  p e r f e c t l y   f l a t   s u r f a c e ,   b e c a u s e   not   e n o u g h   m e t a l   a r e a  
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is   n o l t e n   a t   one  t i m e .   T h e r e f o r e ,   a c c o r d i n g   to   t h e  

I n v e n t i o n ,   i t   is   p r e f e r r e d   to   use   a  p u l s e d   l a s e r   to   m e l t  

a  l a r g e   a r e a ,   e . g . ,   4  mm  of  m e t a l   w i t h   a  s i n g l e   p u l s e .  

In  c o n t r a s t   w i t h   d i e l e c t r i c   p l a n a r i 2 a t i o n  

t e c h n i q u e s ,   t h e   p r e s e n t   I n v e n t i o n   r e q u i r e s   t h a t   t h e  

d i e l e c t r i c   be  c a p a b l e   of  w i t h s t a n d i n g   h i g h   t e m p e r a t u r e s ,  

e . g . ,   S i 0 2   or  some  g l a s s e s ,   w h e r e a s   t h e   p l a n a r i z e d  

m e t a l   has   a  m o d e r a t e   m e l t i n g   p o i n t ,   e . g . ,   Au  or  A l .  

C o n v e n t i o n a l   p l a n a r i z a t i o n   p r o c e s s e s   o f t e n   r e q u i r e   j u s t  

t n e   o p p o s i t e ,   i . e . ,   a  r e l a t i v e l y   l o w - t e m p e r a t u r e  

d i e l e c t r i c   s u c h   as  p o l y i m i d e   ( f o r   s p i n   p l a n a r i z a t i o n )   o r  

p h o s p h o s i l   i c a t e   g l a s s   ( f o r   t h e r m a l   p l a n a r i z a t i o n )   I s  

u s e d   w i t h   a  m o d e r a t e -   or  h i g h - t e m p e r a t u r e   m e t a l l u r g y ,  

e . g . ,   t u n g s t e n .   P l a n a r i z a t i o n   of  t h e   m e t a l s   i s  

a d v a n t a g e o u s   b e c a u s e   r e f r a c t o r y   d i e l e c t r i c s   t e n d   to   b e  

of  h i g h e r   q u a l i t y ,   h a v i n g   few  p i n h o l e s ,   g r e a t e r  

d i e l e c t r i c   s t r e n g t h   and  h i g h e r   r e l i a b i l i t y .  

F u r t h e r m o r e ,   f o r   m e t a l   i n t e r c o n n e c t   l e v e l s ,   t h e  

c o m p e l l i n g   n e e d   is   f o r   e l e c t r i c a l   c o n t i n u i t y   of  t h e   f i n e  

w i r e s ,   and  t h i s   is  e a s i e r   to  a c h i e v e   w i t h   a  

n o n - r e f r a c t o r y   m a t e r i a l ,   w h i c h   w o u l d   g e n e r a l l y   have   a 

h i g h   s u r f a c e   m o b i l i t y   a t   t h e   d e p o s i t i o n   t e m p e r a t u r e .  

M o r e o v e r   t h e   p r o b l e m   of  f i l l i n g   s t a c k e d   v i a s   is  a v o i d e d  

b e c a u s e   t h e   p l a n a r i z e d   m e t a l   w o u l d   be  c o r r e s p o n d i n g l y  

t h i c k e r   o v e r   t h e   v i a   a r e a .   The  i n v e n t i o n   i n c l u d e s   a 
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n u l t i l e v e l   I n t e r c o n n e c t   p r o c e s s   w h i c h   u s e s   b o t h   l a s e r  

p l a n a r i z a t i o n   of  m e t a l   and  a l s o   a  d i e l e c t r i c  

p l a n a r i z a t i o n   p r o c e s s   to   o b t a i n   a  f u l l y   p l a n a r  

I n t e r c o n n e c t   s t r u c t u r e .  

M e t a l   p l a n a r i z a t i o n   c o m b i n e d   w i t h   d i e l e c t r i c  

p l a n a r i z a t i o n   e l i m i n a t e s   p r o b l e m s   w i t h   n e s t e d   v l a s   a s  

I l l u s t r a t e d   1n  F i g u r e   1A,  B,  C.  A  p r i o r   a r t   s t r u c t u r e  

w i t h   no  p l a n a r i z a t i o n   i s   shown  In  F i g u r e   1A.  F i r s t   g o l d  

l a y e r   10  is  f o r m e d   on  f i r s t   d i e l e c t r i c   l a y e r   12.  A 

s e c o n d   d i e l e c t r i c   l a y e r   14  Is  t h e n   f o r m e d   and  p a t t e r n e d  

so  t h a t   a  s e c o n d   g o l d   l a y e r   16  i s   f o r m e d   in  e l e c t r i c  

c o n t a c t   w i t h   f i r s t   g o l d   l a y e r   10.  A f t e r   p a t t e r n i n g   t h e  

s e c o n d   g o l d   l a y e r   16  a  t h i r d   d i e l e c t r i c   l a y e r   18  i s  

a d d e d   and  p a t t e r n e d .   F i n a l l y ,   a  t h i r d   g o l d   l a y e r   20  1 s  

f o r m e d   In  c o n t a c t   w i t h   s e c o n d   g o l d   l a y e r   16  a n d  

p a t t e r n e d   as  d e s i r e d .   The  p r o c e s s   can  be  c o n t i n u e d   i n  

t h i s   m a t t e r   f o r   as  many  l e v e l s   as  a re   r e q u i r e d .  

H o w e v e r ,   t h e   t o p o g r a p h y   of  t h e   v i a   f o r m e d   by  t h e   s t a c k e d  

g o l d   l a y e r s   10,  16  and  20  w h i c h   form  an  e l e c t r i c a l  

I n t e r c o n n e c t   and  t h e   a d j a c e n t   d i e l e c t r i c   l a y e r s   14  a n d  

18  a r e   I r r e g u l a r .   The  p l a n a r i z a t i o n   of  t h e   d i e l e c t r i c  

l a y e r s   as  shown  1n  F i g u r e   IB  p r o v i d e s   some  I m p r o v e m e n t  

bu t   t h e   t o p o g r a p h y   is  s t i l l   i r r e g u l a r   and  l i m i t s   t h e  

n u m b e r   of  l e v e l s   w h i c h   may  be  I n t e r c o n n e c t e d ,   w i t h   b o t h  

m e t a l   and  d i e l e c t r i c   p l a n a r i z a t i o n   in  a c c o r d a n c e   w i t h  
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the  I n v e n t i o n ,   as  shown  1n  F i g u r e   1C,  t h e   p r o b l e m   i s  

e l i m i n a t e d ;   t h e   t o p o g r a p h y   1s  u n i f o r m   and  t h e r e   a r e   n o  

s t e p s   in  t h e   g o l d   l a y e r s   16  and  20  or   d i e l e c t r i c   l a y e r s  

14  and  18.   M u l t i l e v e l   I n t e r c o n n e c t s   b e t w e e n   many  l e v e l s  

can  t h u s   be  m a d e .  

The  use   of  l a s e r   p l a n a r i z a t i o n   of  m e t a l   f i l m s  

i m p o s e s   some  c o n s t r a i n t s   on  t h e   c h o i c e   of  m e t a l s   a n d  

d i e l e c t r i c s .   The  m o l t e n   m e t a l   mus t   wet  t h e   d i e l e c t r i c ;  

t h i s   g e n e r a l l y   r e q u i r e s   t h a t   t h e   s o l i d   m e t a l   has   g o o d  

a d h e s i o n   to   t h e   u n d e r l y i n g   d i e l e c t r i c .   Go ld   f i l m s  

d e p o s i t e d   d i r e c t l y   on  S102  do  no t   a d h e r e   w e l l ,   a n d  

c o r r e s p o n d i n g l y   m o l t e n   g o l d   d o e s   no t   wet  S102   ( c o n t a c t  

a n g l e   of  1 4 0 ° ) .   In  c o n t r a s t ,   t h e   c u s t o m a r y   u s e   of  an  

o x y g e n - a c t i v e   m e t a l   as  an  a d h e s i o n   l a y e r ,   e . g . ,   Cr,   N b ,  

T i ,   or  T ig   ^ Q   g  a l l o y   g i v e s   good  a d h e s i o n   when  t h e  

g o l d   1s  s o l i d ,   and  c o r r e s p o n d i n g l y   e x c e l l e n t   w e t t i n g   i n  

t h e   l i q u i d   p h a s e .   A l u m i n u m   f i l m s   d e p o s i t e d   d i r e c t l y  

o n t o   S i 0 2   a d h e r e   in  t h e   s o l i d   p h a s e   and  wet   w e l l   i n  

t h e   l i q u i d   p h a s e .  

In  a d d i t i o n   to  h a v i n g   good  a d h e s i o n ,   t h e   m e t a l  

f i l m   s h o u l d   be  a b l e   to  a b s o r b   a  s i g n i f i c a n t   a m o u n t   o f  

t h e   i n c i d e n t   o p t i c a l   p o w e r .   For  t h i s   r e a s o n ,   h i g h l y  

r e f l e c t i v e   m e t a l s   such   as  a l u m i n u m   or  s i l v e r   a r e   m o r e  

d i f f i c u l t   to  u t i l i z e   t h a n   g o l d ;   g o l d   has  g r e a t e r   t h a n  

50X  a b s o r b a n c e   in  t he   g r e e n   or  b l u e .   Thus  w a v e l e n g t h s  
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l e s s   m a n   a b o u t   bbO  nm  a re   p r e f e r r e d   f o r   g o l d   l a y e r s .  

The  p r o b l e m   w i t h   h i g h l y   r e f l e c t i v e   m e t a l s   Is  not   t h e  

e n e r g y   r e q u i r e m e n t   ( s i m p l y   I n c r e a s e   t he   I n c i d e n t   f l u x ) ,  

bu t   t h a t   when  r e f l e c t i v i t y   is  n e a r   u n i t y ,   s m a l l   c h a n g e s  

5  in  s u r f a c e   t e x t u r e ,   t o p o g r a p h y ,   and  c o m p o s i t i o n   c a n  

r a d i c a l l y   a l t e r   t h e   a b s o r b e d   p o w e r .   T h i s   can   l e a d   t o  

i n s t a b i l i t i e s ,   in  w h i c h   e x c e s s   a b s o r b e d   h e a t   m o d i f i e s  

t h e   s u r f a c e   in  s u c h   a  way  as  to  f u r t h e r   r e d u c e   t h e  

r e f l e c t a n c e ,   c a u s i n g   s t i l l   more  o p t i c a l   a b s o r p t i o n ,  

10  u n t i l   t h e   f i l m   is   v a p o r i z e d .   H o w e v e r ,   one  s o l u t i o n   i s  

to   o v e r c o a t   s u c h   m e t a l   f i l m s   w i t h   a  t h i n   a b s o r b i n g   l a y e r .  

B a s e d   on  t h e   above   c o n s i d e r a t i o n s ,   g o l d   is  t h e  

p e r f e r r e d   m a t e r i a l   f o r   l a s e r   p l a n a r i z a t i o n ,   a l t h o u g h  

a l u m i n u m   is   a l s o   a c c e p t a b l e   and  s i l v e r   c o u l d   be  u s e d .  

15  T y p i c a l   l a y e r   t h i c k n e s s e s   a re   on  the   o r d e r   of  1  m i c r o n .  

A l u m i n u m   Is  more  commonly   u sed   f o r   IC  

m e t a l l i z a t i o n   t h a n   g o l d   and  t h u s   the   a b i l i t y   t o  

p l a n a r i z e   a l u m i n u m   t h i n   f i l m s   is  v e r y   i m p o r t a n t .   F o r  

a l u m i n u m   t h e   s u r f a c e   t e n s i o n   is  520  e r g s / c m 2   and  t h e  

■Q  v i s c o s i t y   is   a b o u t   0 . 0 1 4   p o i s e   at  8 0 0 ° C .   H o w e v e r ,  

l a s e r   p l a n a r i z a t i o n   of  a l u m i n u m   f i l m s   is  more  d i f f i c u l t  

t h a n   g o l d .   The  h i g h   r e f l e c t a n c e   of  a l u m i n u m ,   a b o u t   92 

p e r c e n t ,   r e q u i r e s   h i g h e r   o p t i c a l   p u l s e   e n e r g y .   S m a l l  

v a r i a t i o n s   In  t h e   s u r f a c e   t e x t u r e ,   t o p o g r a p h y   a n d  

'5  c o m p o s i t i o n   can  s i g n i f i c a n t l y   i n c r e a s e   t he   a b s o r b e d  
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p o w e r ,   c a u s i n g   d a m a g e ,   m e   mos t   s e v e r e   p r o b l e m   is  t h e  

e x i s t e n c e   or   f o r m a t i o n   of  a  r e f r a c t o r y   n a t i v e   o x i d e  

( A 1 2 0 3 )   l a y e r   on  t h e   s u r f a c e   of  t h e   a l u m i n u m .   T h i s  

s o l i d   o x i d e   s k i n   can   i m p e d e   p l a n a r i z a t i o n   e v e n   i f   t h e  

5  u n d e r l y i n g   a l u m i n u m   is  m o l t e n .   If   t h e   l a y e r   i s   h e a t e d  

s u f f i c i e n t l y   to   a l s o   m e l t   t h e   a l u m i n u m   o x i d e   t h e n   d a m a g e  

to  u n d e r l y i n g   l a y e r s   can  r e s u l t .   One  s o l u t i o n   is   t o  

r e m o v e   t h e   o x i d e   in  a  v a c u u m   s y s t e m ,   e . g . ,   by  i o n  

-  m i l l i n g ,   and  t h e n   p e r f o r m   t h e   l a s e r   p l a n a r i z a t i o n   in  t h e  

10  v a c u u m .  

A  p r e f e r r e d   m e t h o d   f o r   t h e   p l a n a r i z a t i o n   of  a n  

a l u m i n u m   l a y e r ,   t y p i c a l l y   a b o u t   1  m i c r o n   t h i c k n e s s ,  

a c c o r d i n g   to   t h e   i n v e n t i o n   is  to  f o r m ,   e . g .   s p u t t e r  

d e p o s i t ,   a  t h i n ,   t y p i c a l l y   l e s s   t h a n   a b o u t   200  A,  l a y e r  

15  of  a m o r p h o u s   s i l i c o n   o v e r   t h e   a l u m i n u m   a f t e r   r e m o v i n g ,  

e . g .   s p u t t e r   e t c h i n g ,   t h e   n a t i v e   A1203  o x i d e .   T h e  

s i l i c o n   l a y e r   has   two  f u n c t i o n s ,   to   p a s s i v a t e   t h e  

a l u m i n u m   a g a i n s t   o x i d e   f o r m a t i o n ,   and  to  a c t   as  a n  

a n t i r e f   l e c t i o n   c o a t i n g .   T h u s ,   t h e   t h i c k n e s s   is   c h o s e n  

0  f o r   a n t i r e f   l e c t i o n   or  low  r e f l e c t i o n ,   p r e f e r a b l y   in  t h e  

1 0 0 - 1 5 0   A  r a n g e ,   and  is  much  t h i n n e r   t h a n   t h e   a l u m i n u m  

l a y e r ,   a b o u t   1  p e r c e n t   of  t h e   a l u m i n u m   l a y e r   t h i c k n e s s .  

In  t h e   f o r m a t i o n   of  t h e   a l u m i n u m   l a y e r   on  t h e   s t r u c t u r e ,  

t h e   a l u m i n u m   is  d e p o s i t e d   w i t h o u t   any  c o n t a c t   to   o x y g e n ,  

e . g . ,   by  s p u t t e r   d e p o s i t i o n   in  a  v a c u u m ,   so  t h a t   no  
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a l u m i n u m   o x i d e   Is  f o r m e d .   The  s i l i c o n   l a y e r   Is  a l s o  

d e p o s i t e d   on  t h e   a l u m i n u m   l a y e r   In  vacuum  to  p r e v e n t   t h e  

f o r m a t i o n   of  t h e   a l u m i n u m   o x i d e .   T h e r e a f t e r ,   t h e   c o a t e d  

a l u m i n u m   l a y e r   c an   be  r e m o v e d   f r o m   t h e   o x y g e n   f r e e  

e n v i r o n m e n t   f o r   t h e   p r o c e s s i n g   s i n c e   t h e   a l u m i n u m   l a y e r  

i s   now  p r o t e c t e d   f r o m   o x i d a t i o n   ( S i O ^   f o r m a t i o n   d o e s  

n o t   I n t e r f e r e   w i t h   p l a n a r i z a t i o n ) .   when  t h e  

s i l i c o n - c o a t e d   a l u m i n u m   is   h e a t e d   in  t h e   l a s e r  

p l a n a r i z a t i o n   s t e p ,   t h e   s i l i c o n   a l l o y s   w i t h   t h e   a l u m i n u m  

so  t h e   l a y e r   b e c o m e s   r e f l e c t i v e   a g a i n   t h e r e b y   l i m i t i n g  

t h e   t e m p e r a t u r e   and  h e a t   a b s o r p t i o n .   A l s o   t h e   r e s u l t i n g  

s t r u c t u r e   has   no  s i l i c o n   l a y e r   s i n c e   t h e   s i l i c o n   h a s  

b e e n   a l l o y e d   I n t o   t h e   a l u m i n u m .  

H a v i n g   c h o s e n   t h e   m e t a l ,   1t  Is  n e c e s s a r y   t o  

c h o o s e   t h e   d i e l e c t r i c .   I t   1s  e s s e n t i a l   t h a t   t h e  

d i e l e c t r i c   n o t   be  d a m a g e d   by  m o m e n t a r y   e x p o s u r e   to   t h e  

o v e r l y i n g   m o l t e n   m e t a l .   Th i s   p r o b a b l y   e l i m i n a t e s  

o r g a n l c s   s u c h   as  p o l y i m i d e .   The  p r e f e r r e d   d i e l e c t r i c   i s  

p u r e   Si  02,   m a i n l y   b e c a u s e   i t s   p h y s i c a l   p r o p e r t i e s   a r e  

d e s i r a b l e   and  w e l l   c h a r a c t e r i z e d ;   some  g l a s s e s   can   a l s o  

be  u s e d .   For   t h e   A u / S I O ^   m u l t i l e v e l   s y s t e m ,   a n  

a d h e s i o n   l a y e r   s u c h   as  Cr,   T1  or  w  is  n e c e s s a r y   at   e v e r y  

I n t e r f a c e   b e t w e e n   t h e   two  m a t e r i a l s .  

Once  t h e   m e t a l / d i e l e c t r i c   s y s t e m   is  c h o s e n ,   t h e  

h e a t   p u l s e   can  t h e n   be  o p t i m i z e d .   The  o p t i c a l  
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a b s o r p t i o n   d e p t h   1n  Au  or  Al  1s  so  s h o r t ,   200  X  a t  

t y p i c a l   w a v e l e n g t h s ,   t h a t   the   h e a t   1s  g e n e r a t e d  

e s s e n t i a l l y   at  t h e   s u r f a c e   of  t h e   t i e t a l   f i l m .   The  h e a t  

w i l l   d i f f u s e   a  d e p t h   z  »  ( a t ) 1 / 2   in  t i m e   t ,   w h e r e   a  i s  

5  t h e   t h e r m a l   d i f f u s i v i t y   of  t he   g o l d   ( 1 . 0   c m 2 / s   a t  

7 0 0 ° C ) .   I t   t h e r e f o r e   t a k e s   o n l y   10  ns  f o r   m o s t   of  t h e  

h e a t   to   p e n e t r a t e   t h r o u g h   a  m i c r o n   of  g o l d .   A  s o m e w h a t  

l o n g e r   p u l s e   w i d t h   is  o e s i r a b l e   in  o r d e r   to   a l l o w  

s u f f i c i e n t   m e t a l   f l o w   o v e r   a  s u f f i c i e n t l y   l a r g e   a r e a ,  

10  e . g . ,   a  20  m i c r o n   s p a t i a l   p e r i o d .   For  a  1  m i c r o s e c o n d  

h e a t   p u l s e ,   t h e   g o l d   may  be  c o n s i d e r e d   to   be  n e a r l y   i n  

t h e r m a l   e q u i l i b r i u m   d u r i n g   t h e   p u l s e   ( r e l a t i v e l y   s m a l l  

v e r t i c a l   t e m p e r a t u r e   g r a d i e n t s ) .   The  u n d e r l y i n g   S i 0 2  

d i e l e c t r i c   has  a  much  l o w e r   t h e r m a l   d i f f u s i v i t y ,  

15  a  *  0 . 0 3 2   cm  / s e c .   T h i s   is  u s e f u l   f o r   two  r e a s o n s :  

t h e   u n d e r l y i n g   l a y e r s   a r e   e x p o s e d   to  much  l o w e r  

t e m p e r a t u r e s   t h a n   is  t h e   s u r f a c e ,   and  t h e   p u l s e   e n e r g y  

r e q u i r e d   to  a c h i e v e   c o m p l e t e   m e l t i n g   is   m i n i m i z e d .   T h e  

min imum  a b s o r b e d   e n e r g y   n e e d e d   to  m e l t   1  m i c r o n   of  Au  o n  

20  t o p   of  a  1  m i c r o n   S102  l a y e r   on  a  s i l i c o n   w a f e r   r a n g e s  
2 

f r o m   0 .4   J /cm  at   10  ns  p u l s e   d u r a t i o n ,   r i s i n g  

g r a d u a l l y   to  0 . 8   J / cm   f o r   a  1  m i c r o s e c o n d   p u l s e ,   a n d  

t h e r e a f t e r   i n c r e a s i n g   a p p r o x i m a t e l y   as  t h e   s q u a r e   r o o t  

of  t h e   p u l s e   d u r a t i o n   ( due   to  h e a t   p e n e t r a t i o n   i n t o   t h e  

25  s i l i c o n   s u b s t r a t e ) .   A  p u l s e   s h o r t e r   t h a n   10  ns  w o u l d  
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n o t   be  u s e f u l ,   b e c a u s e   l a r g e   t h e r m a l   g r a d i e n t s   w o u l d   b e  

g e n e r a t e d   1n  t h e   g o l d   l a y e r ,   v a p o r i z i n g   t h e   s u r f a c e  

b e f o r e   t h e   b o t t o m   of  t h e   f i l m   r e a c h e s   i t s   m e l t i n g  

p o i n t .   A  p u l s e   up  to   1  ms  may  be  u s e d   in  s o m e  

c i r c u m s t a n c e s .   For   l a b o r a t o r y   work  t h e s e   e n e r g i e s   m u s t  

be  d o u b l e d   to   a c c o u n t   f o r   t h e   a p p r o x i m a t e l y   5  OX 

r e f l e c t a n c e   of  t h e   g o l d .   T h e s e   e n e r g i e s   a r e   m i n i m u m s ;  

In  p r a c t i c e   o p e r a t i o n   at  s o m e w h a t   h i g h e r   v a l u e s   i s  

n e c e s s a r y   to   a l l o w   f o r   c o l d   s p o t s   in  t h e   b e a m .   T h e  

l a s e r   p l a n a r i z a t i o n   p r o c e s s   f o r   t h e   A u / S i O ^  

I n t e r c o n n e c t   s y s t e m   has   b e e n   c a l c u l a t e d   a n d  

e x p e r i m e n t a l l y   v e r i f i e d   to   h a v e   a  l a r g e   o p e r a t i n g   w i n d o w  

f o r   a.  - p u l s e   l e n g t h   of  1  m i c r o s e c o n d .   E n e r g i e s   c a n  

t y p i c a l l y   be  i n c r e a s e d   a  f a c t o r   of  two  a b o v e   t h e   m i n i m u m  

v a l u e s   w i t h o u t   s i g n i f i c a n t   f i l m   v a p o r i z a t i o n   or   d a m a g e .  

As  d e s c r i b e d   t h e   p r e f e r r e d   p u l s e   l e n g t h   i s  

p r i m a r i l y   c h o s e n   as  a  f u n c t i o n   of  t h e   h e a t   f l o w  

c h a r a c t e r i s t i c s ,   i . e . ,   t h e   t h i c k n e s s   of  t h e   d i e l e c t r i c  

l a y e r .   The  l a s e r   p u l s e s   of  p r e d e t e r m i n e d   p u l s e - w i d t h  

a r e   s t e p p e d   or  r a s t e r e d   o v e r   t h e   s u r f a c e   of  a  m e t a l  

l a y e r .   The  beam  s p o t   s i z e   is  much  g r e a t e r   t h a n   t h e  

s p a t i a l   p e r i o d   of  any  s u r f a c e   f e a t u r e s   of  t h e   l a y e r ,  

e . g . ,   2  mm  c o m p a r e d   w i t h   20  m i c r o n s .   The  beam  s p o t   i s  

r a s t e r e d   g e n e r a l l y   in  an  o v e r l a p p i n g   p a t t e r n ,   e . g . ,   1  mm 

s t e p s   f o r   2  mm  d i a m e t e r   s p o t   s i z e .   O f t e n   a  s i n g l e   l a s e r  



lb  -  

p o i s e   of  p r e d e t e r m i n e d   w i a i n   is   s u r n c i c n t   «v  » t n  

i n c r e m e n t a l   s t e p   on  t h e   s u r f a c e   of  t h e   m e t a l   l a y e r .  

H o w e v e r ,   t h e   i n v e n t i o n   a l s o   i n c l u d e s   u t i l i z i n g   s e v e r a l  

p u l s e s   at   e a c h   s t e p ;   in  p a r t i c u l a r ,   f o r   l o n g   p e r i o d  

5  f e a t u r e s   i t   may  be  n e c e s s a r y   to   u t i l i z e   more   t h a n   a 

s i n g l e   p u l s e   in  o r d e r   to   a c h i e v e   p l a n a r i z a t i o n .  

L e n g t h e n i n g   t h e   p u l s e   is   n o t   g e n e r a l l y   a d v a n t a g e o u s  

s i n c e   i t   is  l i m i t e d   by  t h e   h e a t   f l o w   c h a r a c t e r i s t i c s   o f  

t h e   l a y e r ,   bu t   t h e   u se   of  m u l t i p l e   p u l s e s   of  t h e  

0  p r e d e t e r m i n e d   e f f e c t i v e   p u l s e   w i d t h   can  be  a d v a n t a g e o u s .  

In  one  p a r t i c u l a r   a p p a r a t u s   f o r   c a r r y i n g   o u t  

t h e   i n v e n t i o n ,   shown  in  F i g u r e   2,  a  p u l s e d   l a s e r   3 0 ,  

e . g . ,   a  l i n e a r   f l a s h l   a m p - p u m p e d   dye  l a s e r   c o n t a i n i n g   a 

c o u m a r i n   dye ,   is  u s e d   to   s u p p l y   o p t i c a l   p u l s e s   a t  

15  504  nm,  of  w h i c h   48%  is   r e f l e c t e d   by  t h e   g o l d   f i l m s .  

The  p u l s e s   nave   1  m i c r o s e c o n d   d u r a t i o n   ( f u l l   w i d t h   a t  

h a l f   m a x i m u m ) ,   150  mJ  of  e n e r g y ,   and  1  Hz  r e p e t i t i o n  

r a t e .   The  beam  32  is   f o c u s e d "   to   a  2  mm  d i a m e t e r   s p o t   o n  

t h e   w a f e r   34  by  means   of  l e n s   36.   No  e f f o r t   i s   made  t o  

20  make   t h e   s p o t   u n i f o r m   in  I n t e n s i t y ;   c o n s e q u e n t l y   a b o u t  

h a l f   of  the   p u l s e   e n e r g y   ( a r o u n d   t h e   beam  c i r c u m f e r e n c e )  

is   b e l o w   t h e   m e l t   t h r e s h o l d   and  h e n c e   w a s t e d .   By 

a d j u s t i n g   t h e   d i s t a n c e   b e t w e e n   t h e   w a f e r   34  and  l e n s   3 6  

t h e   s p o t   s i z e   can  be  v a r i e d ;   t h e   w a f e r   is   p r e f e r a b l y  

25  p o s i t i o n e d   at  a  p o i n t   b e y o n d   t h e   f o c a l   p o i n t   of  l e n s   3 6  
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r a t h e r   t h a n   b e f o r e   t h e   f o c a l   p o i n t .   X-Y  t r a n s l a t i o n  

s t a g e s   36  a r e   c o n f i g u r e d   w i t h   s t e p p i n g   m o t o r s   t o  

t r a n s l a t e   t h e   w a f e r   34  m o u n t e d   t h e r e o n   b e t w e e n   p u l s e s ;  

t y p i c a l l y   t h e   p u l s e s   a r e   s p a c e d   1  mm  a p a r t   so  t h e r e   i s  

5  c o n s i d e r a b l e   o v e r l a p .   L a s e r   30  1s  p o w e r e d   by  p o w e r  

s u p p l y   40  w h i c h   Is  p u l s e d   by  t r i g g e r   42  to   p r o d u c e  

p u l s e s   of  l a s e r   r a d i a t i o n .   T r i g g e r   42  a l s o   c o n t r o l s   X-Y 

s t a g e s   38  so  t h a t   t h e   l a s e r   s p o t   is  s t e p p e d   a c r o s s   t h e  

s u r f a c e   of  w a f e r   34.   An  a l t e r n a t e   more  e f f i c i e n t   a n d  

10  v e r s a t i l e   a r r a n g e m e n t   w o u l d   be  to   h o m o g e n i z e   t h e   b e a m ,  

e . g . ,   by  m e a n s   of  a  k a l e i d o s c o p e .  

E x p e r i m e n t s   w e r e   m o s t l y   p e r f o r m e d   o n  

s p u t t e r - d e p o s i t e d   g o l d   f i l m s   on  S102  d i e l e c t r i c  

l a y e r s .   I n i t i a l l y ,   t h e   u n d e r l y i n g   s u b s t r a t e s   w e r e   b a r e  

IS  s i l i c o n   w a f e r s .   L a t e r   work  d e p o s i t e d   a  g o l d   p a t t e r n  

( " m e t a l   l e v e l   1")  w i t h   a  p i t c h   of  4,  8  or  16  m i c r o n s  

o n t o   t h e r m a l l y   g rown  S 1 0 2 ,   t h e n   c o a t e d   t h e   g o l d   w i t h   a  

s e c o n d   S i 0 2   l a y e r   by  c h e m i c a l   v a p o r   d e p o s i t i o n ,   a n d  

f i n a l l y   s p u t t e r - d e p o s i t e d   an  u p p e r   l a y e r   of  g o l d   ( " m e t a l  

20  l e v e l   2 " ) .   I t   1s  I m p o r t a n t   to   d e p o s i t   s u i t a b l e   a d h e s i o n  

l a y e r s   a t   t h e   A u / S 1 0 2   i n t e r f a c e s   ( e . g . ,   Cr,   Nb,  o r  

T Iq   -jWq  q)  or  e l s e   t h e   s t r u c t u r e s   w i l l   f a i l   w h e n  

p u l s e d   w i t h   h e a t .   The  r e s u l t s   of  t h e   p l a n a r i z a t i o n  

p r o c e d u r e   a r e   i l l u s t r a t e d   In  F i g u r e s   3A  and  8  w h i c h  

25  I l l u s t r a t e   s t r u c t u r e s   in  t h e   f o rm  of  m i c r o s t r i p s  
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( t r a n s m i s s i o n   l i n e s )   c o v e r e d   by  a  g r o u n d   p l a n e .   A  f i r s t  

d i e l e c t r i c   l a y e r   50  of  S102   Is  f o r m e d   on  a  s u b s t r a t e  

52  of  s i l i c o n .   A  f i r s t   l a y e r   of  g o l d   54  is   f o r m e d   o n  

d i e l e c t r i c   l a y e r   50  w i t n   a  v e r y   t h i n   a d h e s i o n   l a y e r   5 6  

in  b e t w e e n .   M e t a l   l a y e r   54  is  t h e n   p a t t e r n e d   i n t o   a 

p a i r   of  p a r a l l e l   l i n e s ,   f o r   e x a m p l e ,   7  m i c r o n s   w i d e ,  

1  m i c r o n   t h i c k   on  H   m i c r o n   c e n t e r s .   Gold  l a y e r   54  i s  

t h e n   c o a t e d   w i t h   a  s e c o n o   d i e l e c t r i c   l a y e r   60 ,   w i t h  

a n o t h e r   t h i n   a d h e s i o n   l a y e r   58  t h e r e b e t w e e n .   F i n a l l y ,  

d i e l e c t r i c   l a y e r   60  is  c o a t e d   w i t h   a  t h i n   a d h e s i o n   l a y e r  

62  and  a  s e c o n d   g o l d   l a y e r   64  w h i c h   f o r m s   a  g r o u n d  

p l a n e .   F i g u r e   3A  shows   g r o u n d   p l a n e   64  b e f o r e  

p l a n a r i z a t i o n ;   F i g u r e   3B  shows   g r o u n d   p l a n e   64  a f t e r  

p l a n a r i z a t i o n .   L a s e r   p l a n a r i z a t i o n   of  m e t a l   l e v e l   64  

had  no  a p p a r e n t   e f f e c t   on  t h e   u n d e r l y i n g   m e t a l   l e v e l   5 4 ,  

due  to   t h e   t h e r m a l   b a r r i e r   p r e s e n t e d   by  t h e   S  i  0 ^  

d i e l e c t r i c   l a y e r   60.  In  p r i n c i p l e   t h i s   p r o c e s s   c o u l d   b e  

r e p e a t e d :   c o a t i n g   w i t h   S i 0 2 ,   o p e n i n g   c o n t a c t   w i n d o w s ,  

c o a t i n g   w i t h   Au,  l a s e r   p l a n a r i z i n g ,   p a t t e r n i n g   t h e   A u ,  

c o a t i n g   w i t h   S102 ,   e t c .   A f t e r   e a c h   l e v e l   of  Au  i s  

d e p o s i t e d ,   t he   p l a n a r i t y   of  t h e   s u r f a c e   is  r e s t o r e d   b y  

l a s e r   p l a n a r i z a t i o n .  

The  w a f e r s   we re   e x p o s e d   to  a m b i e n t   a i r   d u r i n g  

t h e   p l a n a r i z a t i o n   p r o c e s s ;   no  a d v e r s e   e f f e c t s   a p p e a r   t o  

be  a s s o c i a t e d   w i t h   t h i s   p r o c e d u r e .   In  t h e   c a s e   o f  
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a l u m i n u m ,   t r n a n   o x i B U C i   e a s i l y ,   H   1  S  p O S S l b l e   t o  

o p e r a t e   In  an  o x y g e n - f r e e   e n v i r o n m e n t ,   bu t   s a t i s f a c t o r y  

r e s u l t s   w e r e   o b t a i n e d   w i t h   a l u m i n u m   w i t h o u t   d o i n g   so .   A 

fe»»  e x p e r i m e n t s   w e r e   done   u s i n g   a  KrF  e x c i m e r   l a s e r   a s  
5  t h e   p u l s e   s o u r c e ,   bu t   t h e   10  ns  p u l s e   g a v e   a 

s u b s t a n t i a l l y   r e d u c e d   o p e r a t i n g   w indow  b e t w e e n   m e l t i n g  

and  d a m a g e ,   c o m p a r e d   w i t h   t h e   f a c t o r   of  two  w i n d o w  

a v a i l a b l e   w i t h   t h e   1  m i c r o s e c o n d   p u l s e d   dye  l a s e r .  

As  is  e v i d e n t   f r o m   F i g u r e s   3A  and  B  t h e  

•0  p l a n a r i z a t i o n   p r o c e s s   was  v e r y   s u c c e s s f u l .   Tne  CVD  a n d  

s p u t t e r i n g   p r o c e s s e s   u s e d   to   d e p o s i t   t h e   S i 0 2   and  Au 

p r o d u c e d   e x t r e m e   s t e p   c o v e r a g e   p r o b l e m s ,   y e t   t h e  

p l a n a r i z e d   g o l d   is   s m o o t h   and  f l a t   to   b e t t e r   t h a n   5 0 0  
X.  No  c h a n g e s   w h a t s o e v e r   were   n o t i c e a b l e   In  t h e   l o w e r  

5  S i 0 2   or  g o l d   l a y e r s .   T h i s   I n d i c a t e s   t h a t   t h e   p r o c e s s  

s h o u l d   be  r e a d i l y   a d a p t a b l e   to   more   l e v e l s   of  m e t a l .  

The  g e o m e t r i e s   shown  we re   p a r t i c u l a r l y   c h a l l e n g i n g  

c a s e s ,   f o r   t h e   g o l d   in  t h e s e   e x a m p l e s   was  b a r e l y   t h i c k  

e n o u g h   to   c o v e r   t h e   h i g h e r   r e g i o n s   a f t e r   t h e  

0  p l a n a r i z a t i o n   has   b e e n   a c c o m p l i s h e d .   The  d i f f i c u l t y   o f  

p l a n a r i z a t i o n ,   I . e . ,   m e l t   t i m e   r e q u i r e d ,   v a r i e s   a s  

h  ,  w h e r e   h  i s   t h e   m e t a l   f i l m   t h i c k n e s s .   T h i c k e r  

g o l d   f i l m s   f l o w   much  more  e a s i l y .   Good  r e s u l t s   w e r e  

o b t a i n e d   w i t h   a  r e l a t i v e l y   t h i c k   1 .6   m i c r o n   g o l d   f i l m   o n  
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\  s i l i c o n   w a f e r   e t c h e d   w i t h   v e r t i c a l   g r o o v e s   and  c o a t e d  

<1th  0 .4   m i c r o n   S 1 0 2 .  

The  d e p o s i t e d   d i e l e c t r i c   l a y e r s   s h o u l o   h a v e   l o w  

i n t e r n a l   s t r e s s   f o r   t h e   p l a n a r i z a t i o n   p r o c e s s   to   b e  

s u c c e s s f u l .   For  e x a m p l e ,   s p u t t e r - d e p o s i t e d   S 1 0 2  

t e n d e d   to   be  much  more  h i g h l y   s t r e s s e d   t h a n  

D V D - d e p o s i t e d   S i 0 2 .   M u l t i l a y e r   s t r u c t u r e s   u s i n g   t h e  

s p u t t e r e d   S i 0 2   were   f o u n d   to  r u p t u r e   d u r i n g   l a s e r  

p l a n a r i z a t i o n .   For  d e s i g n i n g   a  m u l t i l e v e l   m e t a l  

p r o c e s s ,   i t   is   i m p o r t a n t   to  u n d e r s t a n d   wha t   p h y s i c a l  

c h a n g e s   ( b e s i d e s   t h e   o b v i o u s   t o p o g r a p h i c   o n e s )   o c c u r   i n  

t h e   m e t a l   f i l m s   due  to  t h e   l a s e r   p l a n a r i z a t i o n   p r o c e s s .  

One  c o n c e r n   is  w h e t h e r   t h e   a d h e s i o n   l a y e r   a t  

t h e   A u / S 1 0 2   i n t e r f a c e   d i f f u s e s   s i g n i f i c a n t l y   i n t o   t h e  

g o l d   w h i l e   t h e   l a t t e r   is  m o l t e n .   U s i n g   S e c o n d a r y   I o n  

Mass   S p e c t r o s c o p y   (SIMS)  d e p t h   p r o f i l i n g   to   s t u d y  

p l a n a r i z e d   g o l d   s a m p l e s   h a v i n g   a d h e s i o n   l a y e r s   of  C r ,  

Nb,  and  T1Q  ^ Q   g,  no  r a d i c a l   m o v e m e n t   of  a n y  

a d h e s i o n   l a y e r   was  o b s e r v e d .   W h i l e   i t   is  d i f f i c u l t   t o  

d r a w   q u a n t i t a t i v e   c o n c l u s i o n s   f r o m   SIMS  d a t a ,   i t   a p p e a r s  

t h a t   e ach   t y p e   of  a d h e s i o n   l a y e r   e x h i b i t e d   a  s m a l l  

a m o u n t   of  d i f f u s i o n   i n t o   t he   g o l d   ( i . e . ,   a  G a u s s i a n - l i k e  

i m p u r i t y   t a i l   was  o b s e r v e d   p e n e t r a t i n g   up  i n t o   t h e  

g o l d ) .   The  c o n c e n t r a t i o n   l e v e l s   a p p e a r   to   be  in  t h e  

p a r t s   pe r   m i l l i o n   when  more  t h a n   a b o u t   0 . 2   m i c r o n s   f r o m  
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t h e   a d h e s i o n   l a y e r .   The  f a s t e s t   d t f f u s e r   was  t i t a n i u m ,  

w h i c h   p r o d u c e d   a  weak  b u t   m e a s u r a b l e   s i g n a l   as  f a r   a s  

0 . 5   m i c r o n s   f r o m   t h e   I n t e r f a c e .   The  s l o w e s t   d l f f u s e r  

was  t u n g s t e n ,   w h i c h   d i d   n o t   d i f f u s e   m e a s u r a b l y   I n t o   t h e  

5  g o l o .   S i n c e   t h e   d i f   f  u s i   v i t i e s   of  i m p u r i t i e s   In  m o l t e n  

m e t a l s   a re   t y p i c a l l y   b e t w e e n   10   ̂ and  10  **  c n r / s  

at   1 1 0 0 ° C ,   t h i s   c o n f i r m s   t h a t   t h e   g o l d   c o u l d   o n l y   h a v e  

b e e n   m o l t e n   f o r   a t   m o s t   a  few  m i c r o s e c o n d s .   None  o f  

t h e s e   i m p u r i t y   l e v e l s   a r e   c o n s i d e r e d   s i g n i f i c a n t   f o r  

10  m u l t i l e v e l   i n t e r c o n n e c t   p u r p o s e s .   The  c h e m i c a l   e t c h i n g  

p r o p e r t i e s   of  t h e   g o l d   a p p e a r   u n a f f e c t e d   by  t h e  

p l a n a r i z a t i o n   p r o c e s s .  

No  c h a n g e   In  a v e r a g e   t h i c k n e s s   of  t h e   f i l m s   w a s  

o b s e r v e d   at   n o r m a l   p o w e r   l e v e l s .   Thus  t h e r e   1s  n o  

15  s i g n i f i c a n t   v a p o r i z a t i o n   of  t h e   f i l m s   d u r i n g  

p l a n a r i z a t i o n ,   e v e n   when  t h e   same  a r e a   is  p u l s e d  

r e p e t i t i v e l y .  

The  a v e r a g e   g r a i n   s i z e   of  t h e   g o l d   f i l m s  

i n c r e a s e d   s u b s t a n t i a l l y   a f t e r   l a s e r   p l a n a r i z a t i o n ,   f r o m  

20  a b o u t   0 . 3   m i c r o n s   as  d e p o s i t e d   to   1  or  2  m i c r o n s   a f t e r  

p l a n a r i z a t i o n .   H o w e v e r ,   t h i s   d i d   no t   i n t e r f e r e   w i t h   t h e  

a b i l i t y   to  c h e m i c a l l y   e t c h   t h e   g o l d   w i t h   e d g e  

r o u g h n e s s e s   much  l e s s   t h a n   a  m i c r o n .   In  f a c t ,   t h e  

p l a n a r i z e d   g o l d   1s  e a s i e r   to  p a t t e r n   a c c u r a t e l y   b e c a u s e  

25  i t   1s  s m o o t h e r   t h a n   t h e   s p u t t e r e d   f i l m s .   The  g r e a t e r  
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t he   i n c i d e n t   o p t i c a l   p u l s e   e n e r g y ,   t h e   l a r g e r   t h e   g r a i n  

s i r e ,   p r o b a b l y   b e c a u s e   t h e s e   a r e a s   h a v e   more   t h e r m a l  

e n e r g y   s t o r e d   in  t h e   s u b s t r a t e ,   h e n c e   t h e   c o o l i n g   t i m e  

is   l o n g e r ,   w h i c h   a l l o w s   more  o p p o r t u n i t y   f o r   g r a i n  

g r o w t h   b e f o r e   t h e   t e m p e r a t u r e   d r o p s   t o o   l ow.   C o m p a r e d  

w i t h   s p u t t e r - d e p o s i t e d   f i l m s ,   t h e   t e x t u r e   i s   v e r y   s m o o t h  

( 1 0 0   A  r o u g h n e s s ) .   X - r a y   d i f f r a c t i o n   s h o w e d   t h a t   t h e  

p l a n a r i z e d   g r a i n s   a r e   o r i e n t e d   a l m o s t   e x c l u s i v e l y   in  t h e  

< 1 0 0 >   d i r e c t i o n ,   r e g a r d l e s s   of  i n i t i a l   o r i e n t a t i o n  

( w h i c h   was  <111>  f o r   s p u t t e r   d e p o s i t i o n ) .  

A d h e s i o n   of  t h e   p l a n a r i z e d   g o l d   f i l m s   is  b e t t e r  

t h a n   b e f o r e   p l a n a r i z a t i o n .   In  a l l   c a s e s   r e s u l t i n g  

t e n s i l e   s t r e n g t h s   w e r e   g r e a t e r   t h a n   5000   p s i .   In  m a n y  

c a s e s   t h e   f i n a l   f a i l u r e   o c c u r r e d   in  t h e   s i l i c o n  

s u b s t r a t e   r a t h e r   t h a n   t h e   A u / S i 0 2   i n t e r f a c e .  

The  s h e e t   r e s i s t a n c e   of  t h e   p l a n a r i z e d   f i l m s  

was  d e t e r m i n e d   by  4 - p o i n t   p r o b i n g ,   and  was  f o u n d   to  b e  

a p p r o x i m a t e l y   12*  l o w e r   t h a n   b e f o r e   p l a n a r i z a t i o n .  

T y p i c a l   r o o m - t e m p e r a t u r e   r e s i s t i v i t i e s   w e r e   2 . 9 5   u f i - c m  

b e f o r e   p l a n a r i z a t i o n ,   and  2 .6   yfi-cm  a f t e r  

p l a n a r i z a t i o n .   T h i s   i s   not   f a r   f rom  t h e   b u l k   v a l u e   o f  

2 . 2   y f i -cm,   w h i c h   w o u l d   be  t h e   l o w e s t   p o s s i b l e   v a l u e .  

P r e s u m a b l y   t h i s   r e d u c t i o n   in  r e s i s t a n c e   is  due  to  t h e  

l a r g e r   g r a i n   s i z e ,   w h i c h   r e d u c e s   e l e c t r o n i c   s c a t t e r i n g .  
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mi i   ot  m e   oDove  p n y s u a i   p r o p e r t i e s   a p p e a r   t o  

be  I n d e p e n d e n t   of  t h e   n u m b e r   of  p u l s e s ;   I . e . ,   t h e r e   i s  

no  a d v a n t a g e   or  d i s a d v a n t a g e   to   u s i n g   m u l t i p l e  

p l a n a r i z a t i o n   p u l s e s .   The  o n l y   d e f e c t s   w h i c h   a p p e a r   t o  

5  r e s u l t   f r o m   l a s e r   p l a n a r i z a t i o n   o c c u r r e d   in  a r e a s   o f  

p o o r   a d h e s i o n ,   p r e s u m a b l y   w h e r e   t h e   S102  s u b s t r a t e   w a s  

c o n t a m i n a t e d   p r i o r   to   t h e   Au  d e p o s i t i o n .   In  s u c h   s p o t s ,  

t h e   p o o r   h e a t   t r a n s f e r   r e s u l t s   in  o v e r h e a t i n g   a n d  

v a p o r i z a t i o n   of  t h e   s p o t ,   l e a v i n g   a  c r a t e r   a p p r o x i m a t e l y  

•0  10  m i c r o n s   in  d i a m e t e r .   In  a d d i t i o n   to   t h e s e   d e f e c t s ,  

t h e r e   is  a  v i s i b l e   a r t i f a c t   w h i c h   o c c u r s   a t   t h e   b o r d e r  

of  t h e   m e l t e d   a r e a ,   p r e s u m a b l y   due  to  a  s l i g h t  

d i f f e r e n c e   in  l e v e l   b e t w e e n   t h e   p l a n a r i z e d   a n d  

u n p l a n a r i z e d   a r e a .   T h i s   Is  t y p i c a l l y   v e r y   s m a l l ,   a b o u t  

5  100  A .  

S i l i c o n   c o a t e d   s a m p l e s   of  b o t h   p u r e   a l u m i n u m  

and  a l u m i n u m   a l l o y   w i t h   1  p e r c e n t   s i l i c o n ,   w h i c h   1s  a 

s t a n d a r d   IC  m e t a l l i z a t i o n ,   on  an  S i02   d i e l e c t r i c   l a y e r  

h a v e   b e e n   p l a n a r i z e d .   T y p i c a l   f l u e n c e s   a r e   1  J / c m 2  

0  w h i c h   is  c o m p a r a b l e   to  t h a t   u s e d   f o r   p l a n a r i z i n g   g o l d .  

S i n c e   t h e   a m o r p h o u s   s i l i c o n   c o a t i n g   r a p i d l y   a l l o y s   w i t h  

t h e   a l u m i n u m   d u r i n g   t h e   m e l t ,   r e s t o r i n g   t h e   h i g h  

r e f l e c t a n c e   of  t h e   s u r f a c e ,   t h e   p r o c e s s   1s  s e l f - l i m i t i n g  

by  l i m i t i n g   t he   a b s o r b e d   e n e r g y ,   and  t h u s   t h e   p r o c e s s  

5  has   h i g h e r   t o l e r a n c e   to  n o n - u n i f o r m i t i e s   in  h e a t  



t r a n s f e r ,   e . g .   due  to   v i a s .   Any  n a t i v e   o x i d e   t h a t   f o r m s  

on  t h e   a m o r p h o u s   s i l i c o n   c o a t i n g   w i l l   n o t   I n t e r f e r e   w i t h  

p l a n a r i z a t i o n   s i n c e   S i 0 2   r e a c t s   v e r y   r a p i d l y   w i t h  

m o l t e n   a l u m i n u m .   No  d i f f e r e n c e   in  p l a n a r i z a t i o n  

>  b e h a v i o r   has   b e e n   o b s e r v e d   when  p e r f o r m i n g   t h e  

p l a n a r i z a t i o n   of  s i l i c o n   c o a t e d   a l u m i n u m   in  0.1  T o r r  

v a c u u m   c o m p a r e d   w i t h   t h e   u s u a l   a m b i e n t   a i r   e n v i r o n m e n t .  

The  s u r f a c e   p r o f i l e   72  of  a  1  m i c r o n   a l u m i n u m  

l a y e r   70  on  a  c o m m e r c i a l   C-HOS  g a t e   a r r a y   is  shown  i n  

0  F i g u r e   4A.  V a r i a t i o n s   in  t he   s u r f a c e   a r e   p r o d u c e d   b y  

t h e   u n d e r l y i n g   s t r u c t u r e   w h i c h   i n c l u d e s   ( n o t   shown)   a n  

S i 0 2   d i e l e c t r i c   l a y e r   on  a  s i l i c o n   s u b s t r a t e   a n d  

p o l y s i l i c o n   l i n e s   on  t h e   S102  w i t h   v i a s   e x t e n d i n g   t o  

t h e   s i l i c o n   s u b s t r a t e .   The  s u r f a c e   i s   t r e a t e d   by  f i r s t  

o 
5  r e m o v i n g   a l u m i n u m   o x i d e   and  t h e n   c o a t i n g   w i t h   120  A 

s i l i c o n .   The  a l u m i n u m   l a y e r   is  t h e n   p l a n a r i z e d   b y  

a p p l y i n g   l a s e r   p u l s e s ,   p r o d u c i n g   t h e   s u r f a c e   p r o f i l e  

s h o w n   in  F i g u r e   4B,  in  w h i c h   v a r i a t i o n s   a r e   l e s s   t h a n   1 0  

p e r c e n t   of  t h e   o r i g i n a l   s u r f a c e   v a r i a t i o n s .  

?0  Thus  by  u t i l i z i n g   the   p r e - p l a n a r i z a t i o n   s t e p s  

of  f i r s t   p r e v e n t i n g   t h e   f o r m a t i o n   of  an  a l u m i n u m   o x i d e  

l a y e r   or  r e m o v i n g   an  a l r e a d y   f o r m e d   a l u m i n u m   o x i d e   l a y e r  

and  t h e n   c o a t i n g   t h e   a l u m i n u m   l a y e r   w i t h   a  t h i n   s i l i c o n  

p a s s i v a t i n g   a n t   i r e f   l e c t i o n   l a y e r ,   an  a l u m i n u m   l a y e r   may  

25  be  p l a n a r i z e d   by  t h e   same  m e t h o d   as  p l a n a r i z i n g   a  g o l d  
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l « > c i   h  i  o n a r   i z o n o n   s u o s i a n i i a   i  ly  i n c r e a s e s   t h e  

g r a i n   s i z e   of  s p u t t e r   d e p o s i t e d   a l u m i n u m   f r o m   a b o u t  

0 . 3   m i c r o n s   as  d e p o s i t e d   to  1 -2   m i c r o n s   a f t e r  

p l a n a r i z a t i o n .   The  e l e c t r i c a l   r e s i s t a n c e   of  an  a l u m i n u m  

f i l m   is  r e d u c e d   t y p i c a l l y   f rom  4 . 1 4   to  3 . 7 6   p f i - c m .  

L a s e r   p l a n a r i z a t i o n   of  t h e   m e t a l   l a y e r s   t h u s  

o f f e r s   an  a t t r a c t i v e   t e c h n i q u e   f o r   f a b r i c a t i n g  

n u l t i l e v e l   I n t e r c o n n e c t   s t r u c t u r e s ,   p a r t i c u l a r l y   w h e r e   a 

l u m b e r   of  g r o u n d   or  power   p l a n e s   a r e   i n c l u d e d .   T h e  

V u / S i 0 2   c o m b i n a t i o n   is   w e l l   s u i t e d   to   l a s e r  

» l a n a r i z a t i o n ,   a l t h o u g h   s u c c e s s f u l   r e s u l t s   w e r e   a l s o  

i c h i e v e d   w i t h   t h e   A l / 5 1 0 2   c o m b i n a t i o n .   Two  l e v e l s   o f  

l e t a l   have   b e e n   d e m o n s t r a t e d ,   b u t   t h i s   p r o c e s s   can   b e  

i x t e n d e d   to   c i r c u i t s   c o n t a i n i n g   a  l a r g e   n u m b e r   o f  

n t e r c o n n e c t   l e v e l s   and  g r o u n d / p o w e r   p l a n e s   b y  

l a n a r i z i n g   a f t e r   e a c h   m e t a l   l e v e l   Is  d e p o s i t e d .   T h e  

e c n n i q u e   can   be  u s e d   by  I t s e l f ,   or   i t   can   be  c o m b i n e d  

1 th   a  c o m p a t i b l e   d i e l e c t r i c   p l a n a r i z a t i o n   p r o c e s s   t o  

ake  t r u l y   p l a n a r   m u l t i l e v e l   i n t e r c o n n e c t   s t r u c t u r e s .  

C h a n g e s   and  m o d i f i c a t i o n s   1n  t h e   s p e c i f i c a l l y  

e s c r i b e d   e m b o d i m e n t s   can  be  c a r r i e d   o u t   w i t h o u t  

e p a r t i n g   f r o m   t h e   s c o p e   of  t h e   i n v e n t i o n   w h i c h   I s  

u t e n d e d   to  be  l i m i t e d   o n l y   by  t h e   s c o p e   of  t h e   a p p e n d e d  
l a i m s .  
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CLAIMS  : 

1.  A  m e t h o d   of  p l a n a r i z i n g   a  m e t a l   l a y e r   c o m p r i s i n g  

h e a t i n g   t h e   m e t a l   l a y e r   to   m o m e n t a r i l y   m e l t   t h e   l a y e r   t o  

p r o d u c e   a  f l a t   s u r f a c e   p r i o r   t o   p a t t e r n i n g   t h e   l a y e r .  

2.  The  m e t h o d   of  C l a i m   1  w h e r e i n   t h e   d u r a t i o n   of  t h e  

m e l t   i s   s u f f i c i e n t   to   m e l t   t h e   m e t a l   w i t h o u t   v a p o r i z a -  

t i o n ,   a l l o w   m e t a l   f l o w   o v e r   a  p r e s e l e c t e d   a r e a ,   a n d  

p r e v e n t   d a m a g e   t o   any  u n d e r l y i n g   l a y e r .  

3.  The  m e t h o d   of  C l a i m   1  w h e r e i n   h e a t i n g   t h e   m e t a l  

l a y e r   i s   p e r f o r m e d   by  a p p l y i n g   p u l s e d   l a s e r   r a d i a t i o n   t o  

t h e   s u r f a c e   of  t h e   l a y e r .  

4.  The  m e t h o d   of   C l a i m   3  f u r t h e r   i n c l u d i n g   s t e p p i n g   t h e  

p u l s e d   l a s e r   r a d i a t i o n   o v e r   t h e   s u r f a c e   of  t h e   m e t a l   in   a  
s e r i e s   of   i n c r e m e n t a l   s t e p s .  

5.  A  m e t h o d   of  f a b r i c a t i n g   an  e l e c t r i c a l   i n t e r c o n n e c -  

t i o n   n e t w o r k ,   c o m p r i s i n g :  

f o r m i n g   in   s e q u e n c e   a  p l u r a l i t y   of  a l t e r n a t i n g  

l a y e r s   of   m e t a l s   and  d i e l e c t r i c   m a t e r i a l s ;  

p l a n a r i z i n g   e a c h   m e t a l   l a y e r   t o   p r o d u c e   a  f l a t  

s u r f a c e   p r i o r   t o   p a t t e r n i n g   t h e   l a y e r   and  p r i o r   t o  

f o r m i n g   an  a d d i t i o n a l   d i e l e c t r i c   l a y e r ;  

p a t t e r n i n g   e a c h   m e t a l   l a y e r   and  d i e l e c t r i c   l a y e r   i n  

a  p r e s e l e c t e d   p a t t e r n   p r i o r   t o   f o r m i n g   an  a d d i t i o n a l  

l a y e r .  

6.  The  m e t h o d   of  C l a i m   5  w h e r e i n   t h e   s t e p   o f  

p l a n a r i z i n g   e a c h   m e t a l   l a y e r   i s   p e r f o r m e d   by  h e a t i n g   t h e  

m e t a l   l a y e r   t o   m o m e n t a r i l y   m e l t   t h e   l a y e r   t o   p r o d u c e   a  
f l a t   s u r f a c e .  

7.  The  m e t h o d   of  C l a i m   6  w h e r e i n   t h e   d u r a t i o n   of  t h e  
m e l t   i s   s u f f i c i e n t   t o   m e l t   t h e   l a y e r   w i t h o u t   v a p o r i z i n g  
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t h e   l a y e r   o r   d a m a g i n g   any   u n d e r l y i n g   l a y e r   and  t o   a l l o w  
m e t a l   f l o w   o v e r   a  p r e s e l e c t e d   a r e a .  

8.  The  m e t h o d   of   C l a i m   6  w h e r e i n   t h e   s t e p   o f  

p l a n a r i z a t i o n   i e   p e r f o r m e d   by  i r r a d i a t i n g   t h e   l a y e r   w i t h  

p u l s e s   of   l a s e r   r a d i a t i o n .  

9.  The  m e t h o d   of   C l a i m   5  f u r t h e r   i n c l u d i n g :  

f o r m i n g   t h e   m e t a l   l a y e r s   of   a  low  m e l t i n g   p o i n t  
m e t a l   ; 

f o r m i n g   t h e   d i e l e c t r i c   l a y e r s   of   a  h i g h   t e m p e r a t u r e  

r e f r a c t o r y   d i e l e c t r i c   m a t e r i a l .  

10.  The  m e t h o d   of   C l a i m   5  f u r t h e r   i n c l u d i n g :  

f o r m i n g   t h e   m e t a l   l a y e r s   o f   g o l d ;  

f o r m i n g   t h e   d i e l e c t r i c   l a y e r s   of   S i 0 2   o r   g l a s s ;   a n d  

f o r m i n g   an  a d h e s i o n   l a y e r   o f   an  o x y g e n   a c t i o n   m e t a l  

a l l o y   b e t w e e n   t h e   g o l d   and   d i e l e c t r i c   l a y e r s   w h i c h   i s  
much  t h i n n e r   t h a n   t h e   g o l d   o r   d i e l e c t r i c   l a y e r s .  

11.  An  e l e c t r i c a l   i n t e r c o n n e c t i o n   s t r u c t u r e   c o m p r i s i n g   a  
p l u r a l i t y   of   m e t a l   l a y e r s   s e p a r a t e d   by  d i e l e c t r i c   l a y e r s ,  
e a c h   m e t a l   l a y e r   h a v i n g   b e e n   p l a n a r i z e d   t o   f o rm  a  f l a t  
s u r f a c e   by  h e a t i n g   t o   m o m e n t a r i l y   m e l t   t h e   l a y e r   p r i o r   t o  

t h e   f o r m a t i o n   of   an  a d d i t i o n a l   d i e l e c t r i c   l a y e r ,   t h e  

m e t a l   l a y e r s   h a v i n g   b e e n   p a t t e r n e d   a f t e r   p l a n a r i z a t i o n  

a c c o r d i n g   t o   a  p r e s e l e c t e d   p a t t e r n   and  i n t e r c o n n e c t e d  

t h r o u g h   t h e   d i e l e c t r i c   l a y e r s .  

12.  The  s t r u c t u r e   of   C l a i m   11  w h e r e i n   t h e   m e t a l   l a y e r s  
a r e   f o r m e d   of   g o l d ,   and  t h e   d i e l e c t r i c   l a y e r s   a r e   f o r m e d  
of  S i 0 2   and  f u r t h e r   i n c l u d i n g   an  a d h e s i o n   l a y e r   of  a n  
o x y g e n - a c t i v e   m e t a l   b e t w e e n   e a c h   g o l d   and  S i 0 2   l a y e r ,  
w h i c h   i s   much  t h i n n e r   t h a n   t h e   g o l d   or   S i02   l a y e r s .  

13.  a  m e t h o d   of   p l a n a r i z i n g   a  l a y e r   of   a  m e t a l   w h i c h  

f o r m s   a  n a t i v e   o x i d e   c o a t i n g   on  i t s   s u r f a c e ,   c o m p r i s i n g :  
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f o r m i n g   t h e   m e t a l   l a y e r   w i t h o u t   an  o x i d e   c o a t i n g ;  

f o r m i n g   a  p a s s i v a t i n g   and  a n t i r e f   l e c t i o n   c o a t i n g   o n  

:he  m e t a l   l a y e r ,   t h e   c o a t i n g   h a v i n g   a  t h i c k n e s s   s u b s t a n -  

t i a l l y   l e s s   t h a n   t h e   m e t a l   l a y e r ;  

h e a t i n g   t h e   c o a t e d   m e t a l   l a y e r   t o   m o m e n t a r i l y   m e l t  

:he  l a y e r   t o   p r o d u c e   a  f l a t   s u r f a c e   p r i o r   t o   p a t t e r n i n g  

:he  l a y e r .  

L4.  The  m e t h o d   of   C l a i m   13  f o r   p l a n a r i z i n g   an  a l u m i n u m  

L a y e r ,   c o m p r i s i n g   f o r m i n g   a  c o a t i n g   of  s i l i c o n   on  t h e  

a l u m i n u m .  

15.  A  m e t h o d   of   f a b r i c a t i n g   an  e l e c t r i c a l   i n t e r c o n n e c -  

t i o n   n e t w o r k ,   c o m p r i s i n g :  

f o r m i n g   i n   s e q u e n c e   a  p l u r a l i t y   of   a l t e r n a t i n g  

l a y e r s   of  m e t a l s   w h i c h   f o rm  n a t i v e   o x i d e   s u r f a c e   c o a t i n g s  

and  d i e l e c t r i c   m a t e r i a l s ;  

p l a n a r i z i n g   e a c h   m e t a l   l a y e r   t o   p r o d u c e   a  f l a t  

s u r f a c e   p r i o r   t o   p a t t e r n i n g   t h e   l a y e r   and  p r i o r   t o  

f o r m i n g   an  a d d i t i o n a l   d i e l e c t r i c   l a y e r   by  f o r m i n g   t h e  

m e t a l   ' l a y e r   w i t h o u t   an  o x i d e   c o a t i n g ,   f o r m i n g   a  

p a s s i v a t i n g   and   a n t i r e f   l e c t i o n   c o a t i n g   on  t h e   m e t a l  

l a y e r ,   t h e   c o a t i n g   h a v i n g   a  t h i c k n e s s   s u b s t a n t i a l l y   l e s s  

t h a n   t h e   m e t a l   l a y e r ,   and  h e a t i n g   t h e   c o a t e d   m e t a l   l a y e r  

t o   m o m e n t a r i l y   m e l t   t h e   l a y e r   t o   p r o d u c e   a  f l a t   s u r f a c e ;  

p a t t e r n i n g   e a c h   m e t a l   l a y e r   and   d i e l e c t r i c   l a y e r   i n  

a  p r e s e l e c t e d   p a t t e r n   p r i o r   t o   f o r m i n g   an  a d d i t i o n a l  

l a y e r .  

16.  The  m e t h o d   of  C l a i m   15  f u r t h e r   i n c l u d i n g :  

f o r m i n g   t h e   m e t a l   l a y e r s   of   a l u m i n u m   or   a l u m i n u m -  

s i l i c o n   a l l o y ;  

f o r m i n g   t h e   p a s s i v a t i n g   and  a n t i r e f   l e c t i o n   c o a t i n g  

of  s i l i c o n ;  

f o r m i n g   t h e   d i e l e c t r i c   l a y e r s   of   a  h i g h   t e m p e r a t u r e  

r e f r a c t o r y   d i e l e c t r i c   m a t e r i a l .  
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17.   An  e l e c t r i c a l   i n t e r c o n n e c t i o n   s t r u c t u r e   c o m p r i s i n g   a  
p l u r a l i t y   o f   a l u m i n u m   or   a l u m i n u m - s i l i c o n   a l l o y   l a y e r s  
s e p a r a t e d   by  d i e l e c t r i c   l a y e r s ,   e a c h   a l u m i n u m   or   a l l o y  
l a y e r   h a v i n g   b e e n   p l a n a r i z e d   by  e l i m i n a t i n g   any   o x i d e  
c o a t i n g   of   t h e   a l u m i n u m   or   a l l o y ,   f o r m i n g   a  p a s s i v a t i n g  
and  a n t i r e f l e c t i o n   c o a t i n g   of   s i l i c o n   on  t h e   a l u m i n u m   o r  
a l l o y ,   and  h e a t i n g   t o   m o m e n t a r i l y   m e l t   t h e   l a y e r   p r i o r   t o  
t h e   f o r m a t i o n   o f   an  a d d i t i o n a l   d i e l e c t r i c   l a y e r ,   t h e  
m e t a l   l a y e r s   h a v i n g   b e e n   p a t t e r n e d   a c c o r d i n g   t o   a  p r e s e -  
l e c t e d   p a t t e r n   and   i n t e r c o n n e c t e d   t h r o u g h   t h e   d i e l e c t r i c  
l a y e r s .  
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